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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

TECHNICAL NOTE 2288 

ESTIMATION OF IQW4PEED LIFT AND EfIEE-MOMENT PARAMETERS 

FOR FULL-SPAN TRAILING-ECGE FLAPS ON UFTING SURFACES 

WITH AND WITHOUT SWEEPBACK 

By Jules B. Dods, Jr. 

SUMMARY 

Comparisons of the low-+peed experimental l i f t  and hinge-moment 
parameters of flapped l i f t i n g  surfaces with and without sweepback with 
values computed by several theoretical  propedures are presented. Based 
on these limited resul ts  one theoretical  method appears t o  be more s&- 
isfactory than the other methods investigated and i s  therefore recom- 
mended f o r  preliminary design estimates. 
t o  the section values of the l i f t  and hinge-moment parameters f o r  the 
effects of induced angle of attack and of induced camber t o  obtain the 
values f o r  a f i n i t e  aspect ra t io .  
are obtained from the lift-eurve slopes calculated by the Weissinger 
method, and the induced-camber corrections are obtained from an adapta- 
t ion of the Falkner lifting-surface procedure. 
recommended i s  based upon lifting+urface theory, i t  may be applied with- 
out knowledge of t h i s  theory since the,necessary information i s  given i n  
design charts presented herein and i n  NACA Rep. 921, 1948. Sample cal- 
culations are  included. 

The method involves adjustments 

The induced angle-of-attack corrections 

Although the method 

INTRODUCTION 

The work of references 1, 2, and 3 has i l lustrated the advantages 
of lifting+urface theory over lifting-line theory fo r  estimating the 
l i f t  and hknge-moment parameters f o r  horizontal-tail surfaces with 
elevators, o r  in  general, f o r  any l i f t i n g  surface, The lifting-surface 
theory given i n  reference 2 has proved t o  be superior t o  the lifting- 
l ine  theory f o r  the computation of the l i f t  and hinge-moment parameters 
and is  easily used, but t h i s  particular method i s  not applicable t o  
swept-back a i r fo i l s .  

An attempt t o  extend the general procedure of lifting-surface 
theory t o  swept4ack a i r f o i l s  has been reported i n  reference 4 wherein . 
the Falkner procedure (references 5 and 6)  was used i n  computing the 
load distribution. The conclusion reached i n  reference 4 was that the 
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hinge-mament parameters computed for mept-back surfaces were in  error 
t o  such an extent as t o  invalidate the method. On the basis of the 
resul ts  of reference 4 and subsequent calculations, it has been concluded 
that  the reason f o r  the failure of the method involving a load distribu- 
t ion obtained by the Falkner procedure was the inabi l i ty  t o  predict the 
lift-curve slope accurately, and hence the inabi l i ty  t o  predict the 
induced angle-of-attack correction t o  the section parameters for the 
effects of a f i n i t e  aspect ratio: 

The purpose of the present investigation was t o  develop a eatis- 
factory method based upon lifting--surface theory for estiwting the l i f t  
and hinge-mameat parameters for swept-back a i r f o i h .  The resul ts  of 
experimental inf'omnation available in  reference 7 were ueed for compar- 
ison. The results of the analysis are  presented f o r  a i r fo i l s  having 
aspect ra t ios  from 2 t o  6, and having angles of sweepback up to  45O.  
Sample calculations are presented f o r  one a i r fo i l .  

NOTATIOX'? 

Coefficients 

c 

'(&) ch f lap  hingelnoment coefficient 

Ch section f lap  hinge-moment caefficient 

% l i f t  coefficient 
1 

e2 section l i f t  coefficient 

A aspect r a t i o  (F) 
am,n coefficients 

b span of the semispan 
symmetry, feet 

(&) 
Symbols 

i n  Falkner loaddis t r ibut ion series 

models measured perpendicular t o  the plane of 

C chord of the models meaaured paral le l  t o  the plane of symmetry, 
feet  
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chord of the models measured perpendicular t o  the sweep reference 
line of the swept-back models (c '  equivalent t o  c for the 
unawept models), f e e t  

C '  

- 
C 

Cf '  

H 

h 

L 

2 

MA 

q 

S 

V 

X 

Y 

U 

"i 

a, 

6 

A 

x 
P 

mean aerodynamic chord (?'e) , f e e t  

c a s .  

perpendicular chord of the f lap  behind the hinge l ine,  measured 
t o  the hinge l ine,  Ceet 

hinge moment, foot-ounda 

section hinge moment, foot-gounds per f o o t  

l i f t ,  pounds 

P section l i f t ,  pounds per foot 

m m n t  about the hinge l ine  of the f l ap  area behind the hinge 
l ine,  f ee t  cubed 

free-atream dynamic pressure - pv" , pounds per square foot  G ) 
area of aemispan models, square f ee t  

velocity of a i r ,  f ee t  per secand 
\ 

longitudinal coordinate referred t o  0.50 l ine,  f e e t  

l a t e r a l  distance, f e e t  

angle of attack, degrees 

average induced angle of attack, degrees 

section angle of attack, degrees 

f l a p  deflection (positive when t r a i l i ng  edge of f l a p  is down) 
meaaured i n  a plane normal t o  the hinge l ine,  degrees 

angle of sweepback of one-quarter-chord line, unless otherwise 
noted, degrees 

taper r a t i o  ( r a t io  of t i p  chord t o  roo t  chord) 

density of air, slugs per cubic foot 
I 
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CL 

c 2  

h 

Ls 

circular longitudinal coordinate 

Subscripts 

constant l i f t  coefficient 

constant section l i f t  coefficient 

experimental 

flap hinge l ine  

b 

l i f t ing  surface 

sc imiuced camber ( s t r e d i n e  curvature) 

A=O unswept 

A swept-bac k 

P 

Parameters 

(,determined through a = 0 or 
=O = 0) ,  per deeee  

(determined t h o u &  6 = 0 )  , per 
de g e e  

' l if t-curve slope computed from the Falkner load-lng coefficients, 
%a Per degree 

(determined through 6 = 0),  per 
de p e e  
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METHODS FOR ESTIMATING TEE 
HINGE-MBENT PAE?AMEZEF?S 

General Procedure 

I n  computing the values of cL,, cL6, (ag)cL) chu, and ch 6 for  

a finite-span flapped l i f t i n g  surface, it is assumed that  the correspond- 
ing section values c , cZ8, (u6) , Ch , and Ch are  known fo r  

la0 cz a0 6 
the particular a i r f o i l  section, flap-chord rat io ,  flap-gap-to-chord 
rat io ,  type of f l ap  balance, Mach number, and Reynolds number, or that 

be approximated with reasonable accuracy.l 
e corrected f o r  the effects of induced angle of attack and of 

induced camber (streamline curvature i n  the notation of reference 2) t o  
obtain the values fo r  a f i n i t e  aspect ra t io .  
hinge-moment pqrameters are essentially i n  the form of the classici91 
lifting-line theory with additive corrections obtained from a particular 
solution of lifting-surface theory. 
known and has been previously established i n  reference 2 fo r  a i r fo i l s  
without sweep. The evaluation of' the induced angle-of-attack effects  
and of the induced-camber effects presented herein fo r  swept4ack 
a i r fo i l s  d i f fe rs  considerably, however, from that of reference 2. 

These section 

The equations for the 

This general procedure i s  well 

The evaluation of the induced angle-of-ttack correction is  based 
upon the average reduction i n  the additional-type loading that occurs 
between an infinite-span a i r f o i l  and an a i r f o i l  having a f i n i t e  span, 
a t  a constant angle of attack, 
loading is  also accompanied by a change i n  the chordwise distribution 
of load, which is the induced-camber effect .  
by a spanwise integration of the resulting change in  the hinge moment 
a t  each section of the control surface. 

The rkduction i n  the additional-type 

This effect  i s  evaluated 

The many variables encountered i n  the aerodynamic design of a 
flapped l i f t i n g  surface make it di f f icu l t  t o  obtain a generalized solu- 
tion.' Thus, the theoretical  resul ts  presented herein are limited (1) 
t o  the range wherein the variation of the hinge-moment coefficients with 
angle of attack and with f l a p  deflection is linear;  (2) t o  constant- 
percent-chord f laps  extending over the f u l l  span of the l i f t i n g  surface; 
(3) t o  f laps  having internally sealed radius noses; and (4)  t o  l o w  

l I n  the absence of experimental section data that correspond exactly t o  
the design conditions, approximations t o  the section data may be made 
from available section data by the methods of reference 8. 

. 
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subsonic speeds.2 It is  also assumed that the a i r f o i l  profiles and the 
f lapchord  ra t ios  of the finite-span and the infinite-span a i r fo i l s  are 
identical  i n  planes perpendicular t o  the quarter-chord l ines.  

Application of the General Procedure t o  Specific Methods 

The application of the general procedures f o r  evaluating the 
effeots of f i n i t e  aspect r a t io  on the section parameters w i l l  now be 
discussed i n  regard t o  the individual methods presented, 
i c a l  resul ts  obtained by each method are compared with the experimental 
resul ts  i n  figures 1 through 9. A discussion of the correlation of the 
theoretical  resul ts  obtained by each method with the experimental 
resul ts  is ,deferred t o  a l a t e r  section. 

The theoret- 

Application t o  method 1.- Method 1 is a modified version of the pro- 
The evaluation of the average induced angle- cedure used in reference 4. 

of-attack and the induced-camber corrections for the effects of f i n i t e a  
aspect ra t io  presented in  reference 4 was accomplished by applying the 
resu l t s  of a F a l h e r  lifting-surface solution t o  the computation of the 
lift and hingelnoment parameters. 
factory agreement with the experimental resul ts  then available f o r  the 
models having aspect ratios of 3.0 and 4.5, particularly f o r  those 
models having sweepback. Subsequently, additional experimental resul ts  
became available for models with and without sweep having aspect ra t ios  
of 2 w d  6. 
correlation with the experimental resul ts  for these models. 

This procedure resulted i n  an unsatis- 

Computations made by the same procedure showed equally poor 

\ 
Method 1 is an attempt t o  improve the agreement between theory and 

experiment for the swept-back models. 
method of reference 4 in  that the section l if t-curve slopes are  reduced 
according t o  the simplified theory f o r  the effects of sweep. 
resulting smaller induced. angle-of-attack effects  a re  then applied t o  
the remaining section parameters c2 

been reduced by t he i r  proper cos A funotion t o  obtain the parameters 
for a f i n i t e  aspect ra t io .  
agreement than that of reference 4, it is not recammended f o r  use. It 
is included t o  a id  in the development of method 2, and a s  a note of 
caution in the w e  of method 1, The detai ls  of the application of the 
method and sample calculations are  given i n  the appendix. The resul ts  
of the calculations are  presented i n  figure 1. 

It i s  n o t  as rigorous as  the 

The 

and c which have also 
6' cha' h6 

Although t h i s  method gave somewhat better 

Application t o  method 2.- On the basis of the resul ts  presented in  
reference 4, and the modification of the procedure as  presented under 

-~ 

?Firsborder  compressibility effects may be taken i n to  account by appli- 
cation of the Prandtl-Glauert rule. (See p. 10, reference 2.) 
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method 1, it has been concluded that  the main reason f o r  the fa i lure  of 
the Fallmer proceLure was the inabi l i ty  t o  predict the l if t-curve slope 
accurately, even by using the sweep corrections t o  the section l if t-curve 
slope, and hence the inabi l i ty  t o  predict accurately the induced angle- 
of-attack corrections t o  the section parameters f o r  the effects of 
f i n i t e  aspect r a t i o .  However, it w i l l  be shown that  the FaUmer method 
gives accurate values of the induced-camber correction t o  the r a t e  of 

(A%)sc , change of the hingeinoment coefficient with angle of attack 

indicating tha t  the chordwise boundary conditions are sat isf ied with 
sufficient accuracy. 
appeared t o  be t o  f ind an accurate method for predicting the induced 
angle-of-attack effects t o  be used w i t h  the induced-camber effects com- 
puted from the Falkner loading. 
J. Weissinger, as  reported i n  reference 9, gave the best correlation of 
the theoretical  lift-curve slopes with the experimental l if t-curve slopee, 
and hence, the best values of the induced angle-of-attack corrections. 
Thus, method 2 consists of a combination of these two procedures. 

A logical development baaed on these f ac t s  then 

It was found that the method of 

a 

A question concerning the advisability of using the induced-camber 
correction to  & a s  computed from the FaUmer loading coefficients 
a r i ses  in view of the f ac t  that  the lift-curve slope is not accurately 
computed from these same loading coefficients. 
answer t o  this question l i e s  i n  the f ac t  that  the induced-camber 
correction t o  & is primarily a function of the chordwise distribu- 
t ion  of the load and secondarily, of the absolute value of the l i f t .  
Inamuch a s  the Fallmer method sa t i s f i e s  the chordwise boundary condi- 
tione with suf'ficient accuracy, it eybles  an accurate prediction of the 
induced-camber correction t o  be made. 

i n  figure 10 wherein the values of 

method and the method of references 2 and 10 are compared wlth a pseudo- 
experimental value 

It is believed that  the 

Supporting evidence is  offered 

computed by the Falkner 
( A c 4 s c  

i s  called a pseudo-experimental value 
exP 

The [(..a>sc] 
because it is  impossible t o  measure it experimentally by direct  means. 
However, the'remaining factors i n  the above equation can be measured 

experimentally, enabling the determination of 

resu l t s  presented i n  figure 10 show that much 
/ \ 

pseudo-experinrental values of is 

[ (A%)sc 1 The 
bet ter  agreement with the 

obtained by the FaUmer 
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t h e o ~  (method 1) than by the theory of references 2 and 10 (method 4), 
especially f o r  modsls having large angles of sweepback. 

Since the computation of the induced-camber correction t o  chc, by 
the Falkner method is rather involved, design charts ( f igs .  11 and 12) 
are  presented s o  that these values may be determined directly for flap- 
chord ra t ios  from 0.20 t o  0.40, fo r  aspect ra t ios  f rom 2 t o  6, and f o r  
a i r fo i l s  having up t o  45' of sweepback. 
flap-chord ra t ios  f o r  the swept--back models were taken i n  the plane 

perpendicular t o  the 0.25-chord l ine.  

a re  desired using the flap-chord r a t i o  measured i n  the plane of sym- 
metry, the equivalent r a t i o  perpendicular t o  the 0.25-chord l i ne  should 
be computed and used i n  the charts.) 

It should be noted that the 

(If  the values of 

The application of the method is presented i n  de ta i l  i n  the appen- 
The resul ts  obtained by t h i s  procedure are  presented i n  figure 2, dix. 

Application t o  method 3.- This method combines the induced angle- 
of-attack corrections of method 2 with the induced-camber correction t o  
4 and C&ns as  given i n  reference 10. The resul ts  of the computation 
by t h i s  method are  given i n  figure 3. 
method is t o  show that the induced-camber correction t o  
reference 10 is  not satisfactory, as i s  evident from a comparison of 
figures 2 and 3. 
reference 10, intended only as a rough approximation for correcting the 

values of (e.>,, for unswept a i r fo i l s  by cos A t o  f ind the 

corresponding values for swept-back a i r fo i l s ,  resul ts  i n  values which 
vary considerably from those determined by lifting-surface theory. 

a 
The purpose i n  presenting t h i s  & given ?n 

From figure 10 it can be seen that the procedure of 

Application t o  method 4.- This method 4s an approximate way of' 
accounting for the effects of sweep by applying modified lifting-line 
theory t o  the equations f o r  the hinge-mament parameters of unswept air- 
fo i l s .  
is recommended therein only f o r  rough approximation, 
emphasis was-placed upon the computation of 

of which were computed by the relationship C 

COB Ah ' 

The application of t h i s  method is explained i n  reference 10. 1% 
Although no 

CLs i n  reference 10, values 

%i= [(ae>,lla=o 
are included herein f o r  completeness. (See f ig .  4.) 

Applioation t o  method 5.- The application of t h i s  lifting-surface 
method'to a i r f o i l s  without sweepback 2s fully explained i n  reference 2. 
(See f ig .  5.) 

'Swansonts empirical viscosity factor q has been used i n  computing 

, 

, 

by the Falkner method. ( A c 4 s c  
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Models 

The semispan, ref lection-plane, model horizontal t a i l s  reported i n  
reference 7 had a taper r a t io  ( r a t io  of t i p  chord t o  roo t  chord) of 0.5 
and aspect ra t ios  of 2, 3 ,  4.5, and 6. 
shown i n  table I. 

The geometry of the modela is 

The angles of sweepback of the quarter-chord lines, which are used 
as  the sweep reference lines, were 16.7 % ll.3', 7.6', and 5 . 7 O  for the 
models having aspect ra t ios  of 2, 3, 4.5, and 6, respectively, and having 
the hinge l ines  without sweep. These models are referred t o  throughout 
the report 48 the unswept models although the sweep reference l ines  had 
some sweegback. 
were paral le l  t o  the plane of symmetry. 

For the unswept models the NACA 64AOLO a i r f o i l  sections 

c 

The swepMack models, which had the same aspect ra t ios  as the 
unswept models, had either 35' or 45' sweepback. For these models the 
sweep reference l ine is that  l ine which Joins the 0.2whord points of 
the NACA 64AOlO a i r f o i l  sections, which were inclined t o  the plane of 
symmetry a t  an angle equal t o  the angle of sweepback. 

The choice of these sweep reference l ines  was dictated by considera- 
t ions of the simplified theory for the effects of sweep. According t o  
t h i s  theory, the finite-apan and t h s  infinite-span models should have 
identical  a i r f o i l  sections and flap-ord ra t ios  i n  planes perpendicular 
t o  the quarter-chord lines. 
structed i n  t h i s  manner. 
should have been constructed i n  the same manner, but since the angles of 
sweepback were small, differences incurred by placing the a i r f o i l  profile 
and the 0.30 flap-chord r a t io  paral le l  t o  the plane of symmetry are 
negligible. 

Therefore, the swept-back models were con- 
To be s t r i c t l y  consistent, the unswept models 

All models were equipped with sealed, radius--I1oseY full-span flaps. 
The gaper between the flaps and the shrouds and the gaps between the f lap  
noses and' the plates i n  the balance chamber (seal  gap) are shown in 
table I, section B-33. Flap-nose gaps were sealed over the complete span 
of the models, and end seals were provided at  the reflection plane and 
a t  the outboard hinge brackets, which were a t  82 percent of the span. 
The inboard hinge brackets were immediately below the tunnel floor. It 
was necessary t o  place an additional sealed h i w e  bracket a t  38 pgrcent 
of the semiapan for the model having an aspect r a t io  of 6 with 35 
weepback. 

The t i p  shapes were formed by rotating the a i r f o i l  section about a 
l ine inboard of the t i p  a distance equal t o  one-half the maximum thick- 
ness of the t i p  a i r f o i l  section. 

of 
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Tests t o  obtain the basic section (or in f in i te  span) data were, made 
with a two-dimensional model having a chord of 3.5 f ee t  and having the 
NACA 64AolO section paral le l  t o  the mdisturbed a i r  stream, The flap- 
chord r a t i o  was 0.30. 

Tests 

Mest of the experimental l i f t  and hinge-mament parameters used in 
this report were obtained from t e s t s  of the aforeinsntioned models con- 
ducted i n  the Ames 7- by 10400% wind tunneb and reported i n  refer- 
ence 7. These parameters were for a Reynolds number of 3 million based 
upon the mean aerodynamic chords. The Mach numbers were approximately 
0.20 for a l l  the models. 
3 having 45' of sweepback were obtained from the Ames l 2 4 o o t  pressure 
wind tunnel f o r  the same Reynolds number and f o r  about the same Mach 
number. 
balance system, and the f l ap  hinge moments were measured by means of CI 

resistarrce-type torsional s t ra in  gages. A l l  coefficients and the miale 
of attack were corrected f o r  the interference effects of the tunnel walls. 

The t e s t  results fo r  the model of aspect r a t i o  

The l i f t  of the models was meamred by means of the wind-tunnel 

The resul ts  of the theoretical and experimental inyestigation are 
presented for  the l i f t  and hinge-moment parameters (1) as  a function of 
the aspect r a t io  f o r  various amounts of sweepback i n  figures 1 t o  5,  and 
(2) a8 a function of the angle of sweepback f o r  various aspect r a t i o s  i n  
figures 6 through 9. 
going resu l t s  i n  table 11. 
appendix for methods 1 and 2. 

The numerical values are summarized f o r  the fore- 
The sample calculations are given i n  the 

Correlation of Method 1With Experiment 

The application of cosine corrections t o  the section parameters f o r  
. the effects of Bweepback resulted i n  much better correlation of the cal- 

culated parameters with the experimental parameters f o r  the swept-back 
models than did the Falkner method a s  applied i n  reference 4. 
the computed values of the l if t-curve slopes of the unswept models still 
were conoistently high throughout the aspect-ratio range from 2 t o  6 
investigated herein. 
is not a s  satisfactory a s  that obtained f o r  method 2 (f ig .  2), particu- 
larly f o r  the values of % and Chs for the unswept rhodels. Since 
the same induced-amber corrections are used fo r  both method 1 and 
method 2, the poorer agreement of method l w i t h  the experimental values 
must be due t o  errors in the induced anglekf-attack correction. 

However, 

In general, the correlation with experiment ( f ig .  1) 
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Correlation of Method 2 With mer iment  

I n  general, the correlation of metbod 2 w i t h  experiment shown i n  
figure 2 fs considered t o  be better than that obtained by the other 
methods jnvestigated herein, and, therefore, method 2 is recommended for 
preliminary design estimates. 
eration of the l i f t  as w e l l  as  the hinge-moment'parameters for a i r fo i l s  
w i t h  and without sweepback. 
methods investigated for each p a r h t e r  f o r  a l l  angles of sweepback and 
for a l l  aspect ratios.  
more generally correct Bariation of the parameters with sweepback and 
aspect ra t io ,  t4is method w i l l  resu l t  uaually i n  more acceptable pre- 
liminary design estimatee. 
of % is of the order of magnitude of 0.0008 for the 35' swept-back 
models, which is  a reasonably small error conaidering tha t  the average 
error previously encountered even f o r  unswept horizontal t a i l s  is  of 
about the same magnitude. Thefl maximum error for the values of C b  for either the unswept models, or 
the two 45' swept-back models does not exceed 0.0003, a value not much 
i n  excess of the e Although the predicted values 
of 
nearer the experimental values, it is believed t o  be merely a fortuitous 
condition since the incorrect variation of % with sweepback given by 
these methods r e su l t s  in considerably less accurate results for both the 
unswept models and the models swept back 45'. 

This recmendation is based on consid- 

This procedure is not superior t o  the other 

' 

It is believed, however, that because of the 

The largest error involved i n  the estimation 

(See table I of references 2 and 8.) 

erimental accuracy, xi: for the 35 swept-back models for both methods 3 and 4 are 

The 
method 2 
CL, are 

1, 4, or 
dieting 

of %a 

herein. 

i s  better than for any of the other methods. 
accuracy of the theore t ica lqedic t iona  of 

identical for methods 2 and 3 . )  The accuracy o f  the predictions 
for the unmept models i s  not as good for method 2 as for method 
5,  but method 2 is superior t o  any method investigated for pre- 
C L ~  

It ahould be noted that the value of- coa A is i n  

The and values CIG of by 

for the Bwept-back models for the sweep range considered 

error because the effect  of aweep is underestimated by t h i s  method 
between the unswept models and the modela swept back 35O, while the effect  
of sweep is  overestimated between the models ewept back 35O and those 
swept back 45'. A part  of the errors i n  estimating 
course, be attr ibuted t o  the amall errors i n  estimating 

must, of, 

%' 
Correlation of Method 3 With Experiment 

The correlation of method 3 w i t h  experiment is &own i n  figure 3. 
A comparison of the resul ts  obtained by this  method with the resul ts  
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obtained by method 2 i l l u s t r a t e s  the large effect  of the induced-camber 
correction t o  CZ, on the hinge-moment parameters since the same 
induced angle-of-attack corrections were used for both methods. 
variation of 
direction. The values of ch are i n  f a i r  agreement with the experimsn- 
t a l  values, but are not a s  close as  those of method 2. 

The 

% ( f ig .  3 )  with increasing sweepback is i n  the wrong 

6 

Correlation of Method 4 With Experiment 

The correlation of method 4 with experiment is shown i n  figure 4. 
c4z A s  in the preceding method, the induced-camber correction t o  

resul ts  i n  a variation of 
the wrong direction. 
swept-back models agree w e l l  with the experimental values, the agreemm#t 
obtained for the unswept models and f o r  the models swept back 45' is  not  
as  good as  that obtained by method 2. 
change of hingeinoment coefficient with f lap  deflection obtained 
f o r  the models both w i t h  and without sweepback is likewise not a s  good 
as that  given by method 2. The values of CL6 agree reasonably well 

C b  with increasing sweepback which i s  i n  
Although the computed values of C h  for the 35' 

The correlation of the r a t e  of 

because of compensating errors i n  

Correlation of Method 5 Mith Eweriment 

This method is a lifting-surface procedure applicable only t o  air- 
f o i l s  without sweepback and is presented i n  reference 2. 
recommended i n  the present report gives a s l ight ly  better correlation 
with experiment, except. f o r  

The method 

(figs. 2 and 5 ) .  cLs 

CONCLUDING IiEMARgs 

The experimentally measured low-speed l i f t  and hinge-moment 
characteristics of various unawept and swept-back flapped l if t ing sur- 
faces were compared t o  those predicted by the use of several theoretical  
pocedures. On the basis of these limited results,  a method (method 2) 
i a  proposed f o r  preliminary design estimates of the low-speed l i f t  and 
hingeinament parameters of l i f t i n g  surfaces having full-span trailing- 
edge f laps ,  The method is based upon l i f t  predictions made by the 
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Weissinger method, which are presented in ITACA Rep. 921, 1948, and upon 
estimates of the induced-camber aspec-atio corrections to the hinge- 
moment parameters cmputed from a lifting-aurface aolution by the 
Falkner method. 
provided so that the method may be applied without extensive lifting- 
surface computations. 

Design charts for the induced-cauiber correction are  

Ames Aeronautical Laboratory, 
National Advisory Committee f o r  Aeronautics, 

Moffctt Field, Calif ., Apr. 4, 19%. 
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The camputation of the l i f t  and hinge+mment parameters by methods 1 
and 2 is presented for  the model having an aspect r a t i o  of 4.5 and wept  
back 45'. 
a 0.30-chord f lap  which were wed for a l l  the methods are: 

The section oharacteristics of an XACA &A010 a i r f o i l  having 

= 0.108 
aO 

c Z  

= 0.065 
'I6 

C' 

Qat = 

= 

= -0.60 

= -0.0057 
c k O  

Method 1 

\ 
The computation of the lift-curve slope by the F a l h e r  procedure 

necessitates a solution fo r  the Fallcner loading coefficients. 
cedure is explained i n  de t a i l  and computing forma are given in reference 6. 
From equation (as), reference 6,  expressing c per degree 

This pro- 

La 

0.0625 
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This lift-curve slope C ~ I  is wed t o  deternine ai/% and 

("cl)sc . The f L i n a l  l i f t-curve slope is then found from the following 

modification of equation ( 3 )  of reference 4 
CL 

where 

The following equation, which was baeed on an integration of t k f k  
hduced-camber load on the control surface, was used t o  determine 

in reference 4, but was not included therein: 
( K L ) S C  

U 

= -0.00475 
Then 

To evaluate ai - , from reference 4, cr, 
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It should be noted that  t h i s  procedure f o r  evaluating ai/CL is  somewhat 
arbitrary because 
lift-curve slope, that  is, i n  the same manner a s  reference 4. Calcula- 
tions made with t h i s  correction applied both t o  

indicated much poorer correlation with the experimental values than the 

ai/(& i s  evaluated without a sweep correction t o  the 

and to cLa ai/CL 

procedure shown here. Substituting the preceding values of 

and q/cj; i n  the equation fo r  

(A%)sc 
CL 

gives 
cLa 

c =  (0.108) (0.707) 
1 + (6.188)(0.108)(0.707) + 0.0760 

= 0.0493 

Similarly, the equation of reference 4 for C k  become s 

The use of cos A cos Ah instead of cos2 A, and of cos '\h instead 
of 
the effects of taper by considering the effective change i n  the f lap  
deflection t o  be a function of the sweep of the hinge l ine  rather than 

the sweep of the guarter-chord l ine.  T q  evaluate (1 -:) f o r  use 
i n  the preceding equation 

cos A, is  an approximation suggested in reference 10 t o  account for 

and 

T&en 

= (6.188)(0.0493) 

= 0.3051 

(1 - 2) = 0.6949 
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So that  

= -0.449 

Equation (1) of' reference 4 becomes 

The evaluation of the induced-cambey correction 

effects of f i n i t e  aspect r a t i o  was obtained from a spanwise and chordwise 
integration over the f lap  of the chordwise change in  loading attr ibutable 
t o  the induced camber. 
the chordwise distribution of load was of the type given by Fallmep 
(cot 8/2, sin 8, s in  28 . . .>, where s in  8 and s i n  28 . .'. are  
the induced-camber terms. I n  order t o  compute the actual values of the 
induced-camber correction (%)sc it was necessary t o  solve f o r  the 

F a k e r  loading coefficients f o r  the ent i re  surface s o  the span- 
wise and chordwise integration could be performed. 
evaluating the induced-camber correction is  identical  t o  that  used i n  
reference 4. 
l i f t  parameters computed by the FaUrner method. 

( Ach,  ) sc f o r  the 

This procedure is  based on the assumption that 

am,, 
This procedure for  

The induced-camber corrections are also applied t o  the 

From figure 11 or 12, \ 

(.c.) sc = 4.0008 

= (-0.0057)(0.707)(0.6949) +(-0.0008)' Pd LS 
= -0.0036 

The equation on page 12, reference 4, now is  

= (-0.0114>(0.707)(0.756) + (-0.60)(0.756) 

(-0.0036) ] 
= -0.0059 
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Method 2 

For t h i s  method the factor (1 - :) is computed from the lif't- 

is  computed in the same manner a s  that of method 1 
curve slopes presented in reference 9. The induced-camber correction 

o r  reference 4,. 
to Ch,, ("".>,, 

From reference 9 ,  = 0.055 f o r  the model having an aspect 

r a t io  of 4.5 and swept back 4 5 O .  
f o r  sweep, 

Correcting the section lift-curve slope 

cos A 
A= 0 

= (O.108)(0.707) = 0.0764 

Compute c q / ~  from 

ai 1 1 - = - -  

cL ck6 (C2%) A 

=-- 1 = 5.08' 
0.055 0.0764 

\ 
The angle of attack per un i t  l i f t  coefficient i s  

Then 

and 

(1 - z )  = 0.721 

C O S  A C O S  Ah 
A =O 

The parameter 
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or 

The flap-effectiveness parameter is 

From figure 11 or 12, 
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(0) L i f t  parameters. 
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Figure I,- Comparison of the experimentof / Iff and hinge-moment 
parameters as a function of the aspect ratio with those calculated 
by Method I .  
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( a )  Lift parameters. 

Figure Z.-Cornparison of the experlmental lift and hhge-moment 

parameters as  o function of  the_ aspect ratio with those cafculoted 
by Method 2. 
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Ngure 2. - Concf ude-d. 
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figure 3.- Comporison of the experimental lift and hinge-moment 
parameters as a funcflon of fhe aspect ratio wifh those calculafed 
by Msthod 3. 
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Aspect rutio, A 

(b) Hinge -moment porumeters. 

Figure J.-Concluded. 
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fa )  Lift parameters. 

Figure 4.- Comparison of the experimental lift and hingemoment 
parumeters as a function of the aspect ratio with those calculated 
by Method 4.  
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( b )  Hinge-moment poroineters. 

Figure 4 .- Conclude d .  
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/a)  Lift parameters. 

Figure 5.- Comparison of the experimental /iff and hinge-moment 
parameters as a function of the aspect ratio with those calcuiated 
by Method 5. 
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f igure 6.- Comparison of the exper/mental ond calculated lift 
ond hinge-moment parameters os a function of the angle 
of sweepback. Aspect ratio 2. 
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Angle of sweepback, A , deg 

(6) Hln ge -moment p orom eters. 

Figure 6. - G oncluded. 
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(a) Lift parameters. 

figure 7: -Comparison of the experimental and calculated lift and hinge- 
moment parameters as a function of the angle of sweepback. Aspect 
ratio 3. 
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(a)  Lift parameters. 

Figure 8.- Comparison of the experimental and calculated lift and hinge- 
moment parameters as a function of the angle of sweepback. Aspect 
ratio 4.5. 
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( b )  Hinge-m oment parameters. 

Figure 8. -Concluded. 
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Figure 9.-Comparison of the experimental and cafcula fed fiff and hinge -moment 
paramefers as a funcf~on o the angle of sweepback. Aspect ratio 6. 
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Figure 9:Concluded. 
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Figure lo.-Comparison of the psuedo-experlmentol tnduced- 
comber correction to C with those calculated by 
Methods I and 4.  ha 
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Aspect ratio, A 

Figure 11.- Induced-cam rection to ch as a function of the 
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f A  

Angle of sweepback, A I deg 

Figure /2.- Induced-camber correction t o  C’ as a function of the 
angle of sweepbock calculated by the Falkner method for use 
in Method 2. 
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